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SECTI ON A - SUPPLEMENTAL | NFORVATI ON

PROGRAM SBIR Phase Il and Il with K TECHNOLOGY CORPORATI ON

PURPCSE OF THE MODI FI CATI ON: Ext ensi on of the perfornmance conpletion date on both

the Phase Il and Il portions of the contract.
1. This is a bi-lateral nodification.
2. The purpose of this nodification is to extend the period of perfornance of the

Phase Il contract fromApril 30, 2007 to Cctober 31, 2007, at no additional cost to
the Governnent.

3. The period of performance for the Phase |1l contract is extended from March 10,
2007 to Cctober 31, 2007 at no additional cost to the Governnent.

4. The Contract is nodified as foll ows:

Section C Revisions are also identified as foll ows:

a. A nodification to the inverter stand that will provide the capability to
test the inverters while the notor is operating in regenerative braking node.

Section C.17.8 is revised to acconmpdate this change.

b. Section C. 17.7.1 is also revised to accommpdate changes in testing
requirenents.

c. Section C. 18.2 Hardware deliverables is also revised.

Section F is revised to reflect the extended period of performance for the Phase 11
and Il efforts as set forthin F.2 and F. 2.1

5. As aresult of this action the total ampunt of the contract is neither increased
or decreased.

6. Al other terms and conditions of the contract remain unchanged and in full force
and effect.

*** END OF NARRATIVE A 0006 ***
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SECTI ON C - DESCRI PTI OV SPECI FI CATI ONS/ WORK STATEMENT

SECTION C:.  STATEMENT OF WORK (SOW
C 1. Background | nformation

The Contractor shall develop the material technol ogies and the design configurations of an Integrated Thermal Mdule (I TM capabl e of
cool i ng high power silicon and silicon-carbide (SiC) based power converters. Contractor shall integrate, package, and denpbnstrate the
ITMin power nodules (PM and high voltage notor drive converters. Contractor shall obtain input frompotential power nodule users to
insure that the resulting ITMw Il have potential applications in high-power enmerging Si C and other power sw tching products.

C 2. Desi gn Targets and Specifications

Contractor shall devel op the design specifications, evaluation procedures and certification procedures for the integrated thermal nodule
(ITM. Packaging details of the components including all thernal interfaces, wll be considered. This task shall define the ITM
performance goal s, design paraneter targets, and integration/interface requirenents.

C21 Devel op | TM Desi gn speci fications
Contractor shall consider the design requirements of the ITM The power nodule interface requirenments shall address the coefficient of
thermal expansion (CTE) match between the nmounted power semi conductor devices/substrate and the ITM and desired el ectrical

characteristics. Desi gn specifications will consider options to integrate the ITMinto the substrate of the power nodule.
The structural requirenments of thee designs shall come fromthe operation | oads and maxi mum al | owabl e defl ections the assenbly wll
experience in use. The thermal requirements shall come fromthe maxi mum al | onwabl e conponent tenperatures and maxi num al | owabl e

tenperature gradient. Qut-gassing, conpatibility with solvents, and long-termreliability issues shall be addressed.

C22 ITM Prelimnary Design

Based upon specifications, requirements and geonetry constraints developed in C 2.1, Contractor shall establish a prelininary |ayout
design of the | TM assenbly. Fromthis |layout, through analysis, Contractor shall size all the conponents. The baseline |ayout shall be
used to select the materials and conposite architectures presented in the follow ng sections.

C 2.3. I npact of |TM Conponents on Energing Designs
The Contractor shall obtain input fromthe COR concerning thermal managenent approaches under consideration in other Arny prograns. On
the basis of this information, the Contractor shall estimate the thernal benefits of the ITMand/or its conponents on Arnmy applications.

C. 3. | TM Encapsul ant Materials and Low Cost Manufacturing

Al umi num encapsul ation shall provide the baseline performance to conpare other encapsulants with. Thernal expansion, nanufacturing
costs, and electrical characteristics are inportant, and determine the effectiveness of the ITMin the Power Mdule (PM.

C3.1 Eval uation of Thermal Expansion Coefficient of |TM Encapsul ation Materials

Phase | contract DAAEO7-03-C-L069 denpnstrated the feasibility of using alumnumsilicon (A -Si), a novel high performance | ow CTE
encapsulant in the IT™M A mat ched coefficient of thermal expansion (CTE) between PM conponents and the | TM all ows use of joining
techniques with | ower thermal resistance. The encapsul ant naterial deternines the CTE. The encapsul ant naterial type has a strong
effect on the thermal properties, and deternines the nmechanical properties of the ITMinterface to the power nodul e.

Contractor shall study encapsulants materials and identify candi date encapsul ants materials based on their capability to achieve a CTE

match with | TM and PM conponents. At a mininum two general classes of material will be studied, netallic encapsulants, and ceramic
encapsul ants.. The ceram ¢ encapsul ants, Al Si, and the netallic encapsul ants, Kovar, shall be studied and conpared with the baseline
nmetal lic encapsul ants, alum num. Al -Si netal matrix conposites (M) posses a uniformmicrostructure of fine silicon particles in an

alum nummatrix. A -Si has simlar thermal and nmechanical properties to the Al SiC MVC.

C3.2 Low Cost Manufacturing Techni ques
The Contractor shall investigate near net shape form ng techniques including sem solid processing, and PPM (pressed powder
et al | urgy).

C3.21 Sem Solid Processing (SSP)

SSP is a | ow cost high production volune process for manufacturing precision metal and netal matrix conposite parts, simlar to die
casting or plastic injection nolding. Contractor shall performan industry survey of vendors who have the capability to performsem -
solid processing (SSP). Contractor shallassess and neke recommendations to the COR whether the SSP process can be used for the
encapsul ants consi dered. The Contractor shall investigate SSP (also called thixotropic processing) to formthe encapsul ated APG heat
spreader blanks to near net shape. Contractor shall subsequently machine the encapsul ated APG bl anks to the exact final form
Contractor shall produce naterial sanples of pre-nachined encapsul ated Aneal |l ed Pyrolytic G aphite (APG bl anks. Contractor shall
refine and repeat the process to determine if it will nmeet the heat spreader design specifications defined in C 2. Contractor shall
performas many process trials as necessary in order to produce a mnimumof 5 heat spreaders. Contractor shall docunment the
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establ i shed process.

C.3.3.2 Pressed Powder Metallurgy (PPM and Sintering Process
The contractor shall investigate the use of PPMto fabricate | T™M
C. 4. Material Property verification tests

The contractor shall design and fabricate test coupons using the encapsul ants naterials, fornulations, and | owcost fabrication
processes identified in Tasks C.3.1 and C.3.2. Contractor shall neasure the performof the encapsul ated APG naterial properties with
kTC Process Specification (PS031) for naterial evaluation. These tests may identify manufacturing or design problens associated with the
material formulations. If such problens are identified, Contractor shall inplement inprovenents in the conponent designs in order to
mtigate or elimnate any identified nmanufacturing or design problem

C. 5. Thermal Vi a Devel opnent

In Phase |, thermal vias were found to inprove heat spreader performance. The vias nust be properly designed. The proper via
geonetry, position and nunber nust be detern ned.

C5.1 Met al -Graphite Via Material Devel opnent
The objective of this task is to develop a via material with higher thermal conductivity, |ower CTE, and |lower density (for lighter
wei ght), than copper. In this task, the Contractor shall develop a netal matrix conposite (M). The contractor shall develop the

material and produce at |east two batches with different volume fractions. The contractor shall performhot isostatic pressing to
produce billets of two different materials. The contractor shall prepare eval uation coupons fromthe billets. Contractor shall
determ ne the CTE of the coupons and conpare the results with expected values. The contractor shall prepare additional coupon sanples
and performthe seven evaluation tests indicated in C. 4. The contractor shall perform sectioning and visual inspection of a nunber of
addi tional coupon sanples. The contractor shall performm crographs, and shall assess the distribution of the reinforcenent and the
integrity of the mcrostructure.

C.5.2. Sensitivity Analysis of Via Properties

A nunber of via paraneters may affect the thernal performance of the heat spreader. These include thermal conductivity, geonetry,

pl acenment relative to heat generating sem conductor chips, and interface issues. Contractor shall assess the sensitivity of heat
spreader thermal performance to these different design paraneters by using finite el ement method (FEM analysis. Practical limts on
these paraneters will be determned. FEMsinulations will be performed varying these parameters within these practical limts.. If a
paraneter shows a significant inpact on heat spreader thermal performance, optimzation will be performed to determ ne the best via
desi gn.

C. 5.3. Via Optimzation
The contractor shall use a FEM anal ysis to optim ze the thermal conductance of the ITM The analysis shall determ ne via geonetry and
size design paraneters to achieve minimumtenperature gradient.

C. 6. Heat Exchanger Design

The heat exchanger shall be designed to cool silicon carbide (SiC) semiconductor conponents using high tenperature fluid cooling up to
100 degrees Cel sisus.

C6.1 Heat Exchanger Design Concepts
Contractor shall identify advanced heat exchanger design concepts to mininize the thernal resistance of the ITM and maxinm ze the heat
transfer to the cooling fluid. Porous foans shall be considered as a heat exchanger element. Limted use of nano-particles may be

consi dered to inprove heat exchanger fluid coupling.

C. 6. 2. Heat Exchanger Design

Heat exchanger concepts shall be assessed and evaluated in the context of its use with other | TM conponents, including encapsul ation
materials, thermal vias, and heat spreader design. Contractor shall develop a detailed heat exchanger design.

C17. I ntegrated Thermal Mdule (I TM Design

The 1TMis conposed of k-Core encapsul ated APG heat spreader and heat exchanger. Contractor shall performa prelimnary design which
wi |l subsequently be subjected to a design review by sem conductor power nodul e manufacturer and application devel oper. Cont ract or
shall subsequently assess their suggestions and upon concurrence with the COR  incorporate changes, performa detailed analysis, and
performa final detailed design.

C7.1 I TM Prel i mi nary Design/ Anal ysis
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Contractor shall establish a baseline |ITM design using standard engi neering practices. Desi gn shall include known material perfornance
criteria and design requirenments. Packaging design requirements will be used to establish the sizing and placenment of the APG within
the encapsul ated APG heat spreader. Standard engineering design rules and cal culations will be used to determ ne sections thickness
and conponent sizing. Contractor shall use conputer aided design (CAD) software to create a nodel of the layout. A prelinminary design
review shall be held with Contractor, a power nodul e manufacturer, and an applications representative. Upon concurrrence with the COR
the recormended inprovenents and changes shall be incorporated and the CAD nodel shall be updated.

C7.2 Det ai | ed Design of |ITM

The prelimnary design will be analyzed in detail, to assess its performance for use in host application power nodul es. Baseline
geonetry will be finalized followi ng systemoptimzation. The contractor shall utilize the via optim zation procedure devel oped in
C.5.3 to maxim ze the thermal conductance of the system The resulting design will be reviewed and nodification will be nmade to address
manuf acturability and cost avoi dance issues.

C.7.3. Final Design and Docunentation
Contractor shall finalize the design and engineering of the ITM A conplete set of engineering drawings will be created. The set of
drawings will include, 1) inspection drawi ngs, 2) fabrication drawi ngs showi ng the assenbly and machining details, 3) center frane

drawi ngs showing the internal details of the design, and 4) APG machining draw ngs.

C. 8. Power Mbdul e and Converter Design

The power nodul e shall be designed to operate with high coolant tenperatures up to 100 degrees C. Hi gh-power power nodules wll be
designed to operate in the 50kWto 500kWrange. Power nodules will be designed for inproved reliability and life to accommopdate
frequent bursts of high power. The converter shall use a standard six-switch, hard -switched topology.. The contractor shall devel op
an | TM which can be used with SiC devices. |If suitable SiC main power switched are not available comrercially over the course of this
contract, the contractor shall design a PMwhich uses anti-parallel SiC Schottky rectifiers and silicon |IGBTs (insulated gate bipolar
transistors).

C. 9. Power Mbdul e Design

C.9.1 Alternative Power Mdul e Designs

The Contractor shall develop, for purposes of analysis and quantitative conparison, designs for a set of alternative constructions of
the power switch nodule using the ITM At a mininmum two designs for alternative constructions of the power switch nodule will be
produced, based on the different encapsul ants materials tested in Section C. 3. These alternative constructions may use the encapsul ant
materials specified, Kovar and Al-Si, or may use alternative materials if the provide superior performance.

The alternative designs will be analyzed to assess the relative performance in converters for heavy traction applications. Trade off
studies will investigate and rank the performance of the various material and process conbinations. Consideration will be given to

i ssues such as: device tenperature, system power density, thermal expansion stresses, efficiency, and econonmic viability. |In addition
to steady state operation, the contractor shall consider the transient burst power which is characteristic of heavy vehicle propulsion.
The best design shall be recomrended to the COR and with COR approval, detailed design shall be conpleted for appropriate nodifications
to the power nodul es.

The Contractor shall develop an alternative design consisting of an all-silicon carbide rectifier power nbdule with the capability of
operating at higher coolant tenperature. The target coolant tenperature is 120 degrees C. The Contractor shall fabricate at |east one
hi gh-tenperature silicon carbide di ode power nodul e using commercially available silicon carbide rectifier die. Silicon carbide
rectifier voltage and current ratings shall be similar to that of the siliconcarbide rectifiers used in the Power Mdul e designed for
operation using 100 degree C cooolant. The Contractor shall perform performance at cool ant tenperatures up to the target 120 degrees C.

C.9.2 Converter Design Prototype Eval uation/Validation

Usi ng the power nodul e design, alternatives for the Converter Package design will be developed. A preferred alternative shall be
sel ected and upon concurrence of the COR the detailed design shall be perforned that includes the power nobdule, ITM cooling system
capaci tor bus, housing, and gate drive. The current sensors and controls required for a conplete notor drive shall be attached
external ly.

C. 10. Fabri cati on

C.10.1 Integrated Thermal Modul es

Contractor shall fabricate at least six |TMs to the detailed design drawings. A mninumof two of these nodules will be used for
contractor testing. A mninmumof two will be used to mate with power nodul e from sem conductor manufacturer.s. A mninmmof two wll
be used for integration into the denobnstrator power converter.

C.10.2 Power Mdule Mdifications
Consistent with the detailed design in C. 9.1, Contractor shall produce at |east two power npdul es conpatible with | TMs fabricated in
C. 10.1.
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C. 10.3 Converter Fabrication and Assenbly
Consistent with the detailed design in C 9.2, Contractor shall fabricate a power converter that integrates the a power nodul e that
incorporates the | TMalong with standard converter el enents.

C 11. Eval uation and Qualification

C 11.1. Eval uati on

Contractor shall evaluate the | TM consisting of an integrated heat spreader and heat exchanger, integrated into a PM and operating
under sinulated load in a traction nmotor converter. Contractor shall determne the critical performance characteristics of the design
and materials through testing.

Contractor shall establish an evaluation procedure and have this procedure reviewed by the COR  The procedure will define the type,
nunber and configuration of all the evaluation tasks. The procedure will sinmulate the workload and conditions, the | TM woul d experience
in a fielded system Comments back fromthe COR shall be reviewed and if appropriate included in the document. This evaluation
procedure shall then be used in the characterization of the heat exchangers.

The Contractor shall evaluate the thermal performance of the | TM per the process defined in the evaluation procedure. This data will be
used to verify the perfornmance inprovenents of the encapsul ated APG design. The evaluations will involve a thermal sinulation that wll
mmc the thermal |oading of the heat spreader. The heat spreaders will be instrumented and steady state tenperatures will be recorded.

C11.2 Data Correl ati on and Desi gn Refinenent

The Contractor shall review the collected data and correlate it to the predictions. Areas of conpliance and non-conpliance will be
identified. Contractor shall determine, if the non-conpliance features are due to poor design or nmanufacturing flaws, and then take
corrective action. The result of this effort will be either a refined design or a validation of the produced itemns.

Contractor shall develop, test and evaluate the prototype nodules to validate their thermal and el ectrical performance. Basic
functional tests shall be performed with a pernanent magnet notor. Power characterization tests shall be perforned using passive
inductive loads. The thermal and el ectrical neasurenments shall be correlated with the analysis, accounting for the test |oad
condi tions.

C 11. 3. Qualification Specification
Contractor shall develop a qualification specification for the ITM and shall provide it to the COR for review COR shal |l review and
provi de recommendations to the Contractor, as needed.

C 11. 4. Qualification Procedure

Contractor shall inplement the qualification procedure as defined in C. 11.3. Qualification Specification.
Contractor shall obtain power nodul e manufacturer and potential user(s) recommendations.

The qualification procedure will be applied to the assenbly using actual power nodul es that incorporate the I TM

Contractor shall review the qualification results, and identify any failures or deficiencies in power nodule performance. Contractor
shal | identify the cause of any failures or deficiencies, and deternmine if they are related to an inadequate design or to a naterial
deficiency. Contractor shall revise |TM and PM design, as appropriate. Contractor shall docurment all changes. Contractor shall re-
test the PM if required.

C 12. Producti on Design

C12.1 Process Devel opnent

The production design task is to review all of the denonstrated encapsul ated APG designs and processes and incorporate any design and
process inprovenents that will either |ower production costs or inprove performance. Upon concurrence of the COR the contractor shall
incorporate all of the design and process inprovenents identified into the component draw ngs.

In addition to incorporating the design and process inprovenents into the encapsul ated APG designs, the Contractor shall devel op
production-tooling designs that will support higher volune batch processes. The objective is to |ower costs through higher volune
production. This will require additional tooling, which will be identified in this task.

C.12.2 Desi gn Paraneter |npact on Process

In addition to the process paraneters, the Contractor shall seek broader user input. The Contractor shall seek user input for

eval uation and determination of the key production needs driven by amintegrated thernal nodule for a broader range of applications
including fuel cell systens, and industrial high power notors. The Contractor shall enploy a House of Quality method for this product
devel opnment effort.

C.13. Deliverables
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C. 13.1 Status/Managenent Reports

The contractor shall prepare quarterly status reports in accordance with CDRL item AOOl. The status reports shall summarize the work
conpl eted; the contract tasks not conpleted and significant acconplishments, problenms or delays. The reports shall include the status
of on-going studies and studies conpleted during the reporting time period, as well as test results and their interpretation. The
status reports shall also report all total costs incurred to date, with specific reference to the cost incurred since the |ast status
report.

C.13.2. Final Technical Report

The contractor shall prepare a draft final report in accordance with CDRL data item A002 and deliver to the CORin 22 nonths after the
contract award. The COR shall review the draft final report and return it to the contractor within 30 days of receipt of draft with
comments. The contractor shall submt one (1) final Scientific and Technical Report within 30 days after the receipt of the draft
comments and shall incorporate the CORs comments in the final report.

C. 14. Har dwar e:

C.14.1. At the final review, the contractor shall deliver two (2) power nodul es incorporating the advanced heat spreader fabricated in
C.10.2. Aso at the final review the Contractor shall deliver one high tenperature silicon carbide power nodul e capabl e of using 120
degree C cool ant tenperature, developed in Section C 9.1.

C.1.4..2 The contractor shall deliver the inverter fabricated in C.10.3 to the COR at TACOMw thin 24 nonths after contract award.
Inverter shall be packaged in a manner to insure that no conponents are damaged due to shock, vibration, or inpact during transit.

C.15. Meetings

C 15.1 Start of Work Meeting:

Start of Work neeting shall be held at TACOM or by telecon no later than (NLT) 30 days after contract award or as nutually agreeable
with the Contracting Oficers Representative (COR). At this neeting, the contractor shall present their planned approach to conplete
the contract effort. The contractor shall coordinate with the Contracting Officers Representative (COR) to schedule a specific date and
tinme.

C.15.2 Annual Review

The annual review neeting shall be held at either TACOM or the contractor's facility no later than 12 nonths after the award of the
contract. For the annual review, the contractor shall provide a conprehensive presentation including a discussion of activities
perfornmed, tasks conpleted, neasured performance.

C.15.3 Final Review
The final review neeting shall be held at either TACOM or the contractor's facility no later than 23 nonths after the award of the
contract. For the final review, the contractor shall provide a conprehensive presentation including a discussion of the follow ng:

1) Design and Anal ysis of Advanced Heat Spreader,
2) Power Mddul e Design and Fabrication,

3) Heat Spreader and Power Mdul e Eval uation,

4) Inverter Testing and Docunentation,

5) Conmmerci al i zation Pl anning.

C. 16 Phase 111 Objectives

The contractor shall devel op an advanced heat spreader capabl e of reducing tenperature rise in high power silicon-based power
converters. Contractor shall produce working beta heat spreaders that will be evaluated by insertion and testing in comercially
avai | abl e sem conductor power nodules, and qualified in an high-voltage electric notor drive inverter.

C 17 Tasks
In order to acconplish the objectives of this program the contractor shall conduct the follow ng key and conpl enentary tasks:

C17.1 Task A. Target Power Mdule Sel ection and Advanced Heat Spreader Specification

C.17.1.1 Target Power Mddul e Sel ection

Contractor shall identify silicon-based power nodules for APG (anneal ed pyrol ytic graphite) advanced heat spreader technol ogy insertion.
Consi deration will include selection fromexisting Sem kron power nodul es that have both w despread applications and the capability to
be used as building blocks for a traction nmotor drive inverter and other electric vehicle applications. The effort will set performance
goal s and design paraneter targets. Contractor shall select target power nodul e device type, nunber of devices per package, device
interconnection, heat exchanger type, and power level. Target nodules will consider both air-cooled and fluid cool ed power nodul es. One
of the options for consideration will be the Autonotive Integrated Power Mdule (AIPM that Sem kron is currently devel opi ng.

C.17.1.2 Design Specifications
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Contractor shall establish the thermal and structural design requirenents of the advanced heat spreader, and power nodul e interface
requirements. The structural requirenments of these designs will cone fromthe operation | oads and naxi num al | owabl e defl ections the
assenbly will experience in use. The thermal requirements will come fromthe maxi mum al | onwabl e conponent tenperatures and maxi num

al l owabl e tenperature gradient. Oher issues such as, out-gassing, conpatibility with solvents, and long-termreliability will all be
included. Contractor shall establish the design specifications.

C17.2 Task B. Advanced Heat Spreader Design Concepts

Based upon the specifications devel oped in Task 1, requirenents and geonetry constraints, contractor shall establish a set of heat
spreader design constraints that will include interface requirenents with sem conductor chip substrates, interface requirements with the
heat exchanger, and heat transfer requirements. Wthin these constraints, contractor shall investigate several design options for the
AHS (Advanced Heat Spreader) conponent. These options will include choice of CTE-matched encapsul ants, thickness of APG and thermal
via design and pl acenent.

C17.2.1 Docunent ati on and CAD Mddel s

Contractor shall docunment advanced heat spreader design options and devel op CAD nodel s of each. Contractor shall conduct prelinmnary
thernal anal yses on each of the design options. Power Mdule conpatibility with electric motor drive inverter applications will be
revi ewed and documrent ed.

C.17.2.2 Team Revi ew and AHS Desi gn Sel ection

A neeting will be held at TACOMto revi ew the design approaches for the advanced heat spreader. Personnel from TARDEC, and the
contractors team will attend. Based on the review, contractor shall select the best design approach for near termtechnol ogy insertion
of the AHS in the target power nodule (selected in Task A Section C 17.1.1)

C 17.3 Task C. Detailed Design and Anal ysis of Advanced Heat Spreader
Contractor shall performa detailed analysis of the selected AHS design. The analysis will include thernal performance, dynamc
mechani cal performance (shock and vibration), structural, and conpatibility requirenents.

C 17.3.1 Finite El ement Methods (FEM and Anal ysis

Contractor shall devel op 3-di nensional FEM nodel s for analysis of chosen advanced heat spreader configuration. The FEM wi I include
detail so that through-the-thickness vias can be represented, and to nodel heat transfer fromthe non-uniform sem conductor chip heat
sources to the heat exchanger and cool ant on the underside of the heat spreader. Contractor shall enploy FEM nodel optim zation routines
to determine the nost effective via placement and shape. The heat spreader design will be tailored to the chosen type of heat exchanger
whether it be air or water cool ed.

C.17.3.2 Drawi ngs and Design Revi ews

Once the heat spreader is fully analyzed, contractor shall devel op conplete drawi ngs so that the heat spreader is formfit to an
existing power nmodule. Drawings will include installation drawings into the selected power nodule. Once the drawi ngs are conpleted, the
nmodul e design will be reviewed by the Contractors team and the draw ngs rel eased for manufacture.

C 17.4 Task D. Advanced Heat Spreader Prototype Fabrication

Contractor shall fabricate a mnimumof six advanced heat spreader prototypes using |owest cost processes currently available from k-
Technol ogys | atest proven |ow cost manufacturing methods for both encapsul ants and APG  Each of the heat spreaders will under go

qual ity reviews according to k-Technol ogy | SO9001 qual ity procedures. A mninmmof two of these heat spreaders will be used for
testing. A mnimum of two of the heat spreaders will be used for insertion and testing in Sem kron Power nodul es. A m ni mum of two
will be used for specialized testing in preparations for insertion of the power nodules into Conprehensive Powers power converter the
test inverter to be fabricated in Task G

(Section C.17.7).

C. 17.5 Task E. Power Mbdul e Assenbly
C. 17.5.1 Met hod of Substrate Attachment
As part of the assenbly process, contractor shall investigate methods to attach the chip substrate to the advanced heat spreader.

Contractor shall consider both the thermal paste nethod currently enployed by Sem kron, and brazing or soldering for nodul e assenbly.
The selection will be deternmined by the trade off between rapid narket insertion versus enhanced thermal perfornance.

C 17.5.2 Power nodul e assenbly
Contractor shall install advanced heat spreader prototypes fabricated in task D, Section C 17.4, into standard Sem kron power nodul es.
Power nodul es shall be fit and form conpatible with existing power converter systens.

C 17.6 Task F. Heat Spreader and Power Mdul e Eval uation

Contractor shall test the prototype advanced heat spreaders fabricated in Task 4 as stand al one conponents. Contractor shall test and
eval uate the power nodul es assenbled in Task E (Section 17.5.2) using the prototype advanced heat spreaders.
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C. 17.6.1 Advanced Heat Spreader Eval uation

Contractor shall performthermal and mechanical testing of the prototype advanced heat spreaders. Thermal testing will be performed
before subjecting to nechanical |oads, corresponding to beginning of life (BOQ.). Contractor shall subject heat spreaders to dynamc
nmechani cal | oads. Thernmal testing will again be performed after subjecting to mechanical |oads, corresponding to end of life (EQL).

Contractor shall conpared results of thermal testing with FEM predictions made in Task C (Section C 17.3.1).

C 17.6.2 Power Modul e Eval uation

Contractor shall test power nodul es containing advanced heat spreaders under realistic electric |oads and responses typically used in
qualification of their power nodules. As is standard with power nodul e product qualification, contractor shall use a voltage drop test
to evaluate the heat transfer path fromchip to the heat exchanger. Contractor shall subject the power nodule to routine power nodul e
qualification tests.

C 17.7 Task G I nverter Fabrication

Contractor shall assenble an electric notor-drive inverters for evaluation and conparison of advanced cooling technol ogies. These
inverters shall be nomnally rated at 100kWand designed to run a permanent magnet nmotor of 100kW continuous power or greater.

C.17.7.1 Contractor shall assenble 2 inverters and 2 inverter cold-plate cooling nodul es:
One using advanced heat spreader nodul es and silicon carbide rectifiers,
One using advanced heat spreader nodules and silicon rectifiers,

One inverter cold-plate cooling nodule suitable for oil cooling

One inverter cold-plate cooling nodule suitable for water cooling .

C.17.7.2 The contractor shall design and fabricate four inverter control nodul es including hardware and wrbedded software. One of these
modul es will be configured for use controlling the inverter using silicon carbide rectifiers.

C.17.7.3 The contractor shall assenble one inverter nodule incorporating the integrated thermal nodule (I TM for bench diagnostic
testing.

C. 17.8 Task H. Inverter Thernal Managenent Test Stand

The contractor shall design, fabricate and test a thermal nanagenent test stand according to the follow ng requirenents:

The test stand will include provisions for inverter power, control, cooling, and the appropriate electrical and thermal sensor needed to
measure inverter electrical and thermal performance while driving the test stand hi gh power permanent magnet notor.

The test stand shall have the capability to switch-out inverter and inverter control packages to allow conparison between inverter

cool i ng technol ogi es.

The test stand shall include two permanent magnet notors capabl e of operating at 100kW power or greater, for a period of 10 minutes or
| onger . *
The test stand shall include cooling |oop capability for both oil and propyl ene-glycol coolants, as well as needed radiators, punps,

fans, and cooling sensors for tenperature, pressure, and flow rate.
The test stand shall be designed to operate froman externally supplied 600V power supply.

C 17.9 Task |. Inverter Testing

The contractor shall subject the notor drive inverters using advanced heat spreaders, fabricated according to C. 17.7.1, to demandi ng
electrical and thermal operation designed to determne the full thermal capability of the power npdul es fabricated with advanced heat
spreaders. The contractor shall subject the notor drive inverters using other cold plate cooling technol ogies along with silicon
rectifiers, fabricated according to C.17.7.1, to simlar demanding electrical and thernal operation designed to determ ne the full
thermal capability of these power nodul es and cooling technol ogies.

C 17.10 Task J. Commer ci al i zati on Pl anning

Contractor shall develop a plan to insert the advanced heat spreader technology into a power nodul e production |ine.

C. 18. Hardware:

C.18.1. At the final review, the contractor shall deliver two (2) power npdul es, incorporating the advanced heat spreader, fabricated in
TASK E (Section C. 17.5).
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C.18.2. The contractor shall deliver the inverters and inverter cold-plate cooling nodules specified in TASK G (Section C 17.7) and the
inverter control nodules as specified in section * C 17.7.2, to the COR at TACOM wi thin 28 nonths after contract award. Inverter and
inverter control nodul es shall be packaged in a manner to insure that no conponents are damaged * due to shock, vibration, or inpact
during transit.

C.18.3 The contractor shall deliver one inverter nodule incorporating the integrated thermal nmodule (I TM as specified in section
C. 17.7.3 to the COR at TACOMw thin 28 nonths after contract award. |Inverter nodul e shall be packaged in a manner to insure that no
damaged due to shock, vibration, or inpact will occur during transit.

C.18.4 The contractor shall deliver one inverter test stand as specified in section C 17.8 Task H, to the COR at TACOMw thin 28 nonths
after contract award. |Inverter test stand shall be packaged in a manner to insure that no conponents are damaged due to shock,
vibration, or inpact during transit.

C.19. Meetings Phase II1

C.19.1 Start of Work Meeting:

Start of Work neeting shall be held at TACOM no later than (NLT) 30 days after award of Contract nodification POO0O01 or as nutually
agreeable with the Contracting Officers Representative (COR). At this nmeeting, the contractor shall present their planned approach to
conplete the contract effort. The contractor shall coordinate with the Contracting Oficers Representative (COR) to schedule a specific
date and tine.

C.19.2 Advanced Heat Spreader (AHS) Design Sel ection Review

An AHS Design Sel ection Review neeting will be held at TACOM to revi ew the desi gn approaches for the advanced heat spreader, as
described in Section C.3.2.2. The COR and personnel from K-Technol ogy, Semikron, and Conprehensive Power will attend. Based on the
review, contractor shall select the best design approach for near termtechnol ogy insertion of the AHS in the target power nodul e
selected in Task A (Section C. 17.1.1) The contractor shall coordinate with the Contracting O ficers Representative (COR) to schedule a
specific date and tine.

*** END OF NARRATIVE C 0001 ***
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SECTION F - DELI VERI ES OR PERFORMANCE
F.1.1 Data

F.1.2 The delivery schedule for the data itens is found on Exhibit A The
Contract Data Requirenents List (DD Form 1223).

F.1.3. Al data deliverables under this contract shall be delivered electronically to the enuil
addresses specified in the Contract Data Requirenments List (CDRL) DD Form 1423.
F.2 Period of Performance

The period of performance of the base Phase Il effort (CLIN 0001) shall be through Cctober 31,

2007. *
F.2.1 The period of performance for the Phase 111 portion of this contract (CLIN 0003) shall be
through Cctober 31, 2007. *

F.3 hardcopy docunents, if required to be delivered under the terns of this contract, shall be
shi pped FOB Destination to the foll ow ng address:

U. S. Arny TACOM
Attn: AMSTA-TR-N (Terence Burke) Mailstop 121

6501 E. 11 Mle Road
Warren, M  48397-5000

Al'l other deliverables nust be sent by e-nail to the followi ng addresses unless alternative
arrangenents are made with the Contracting Oficer's Representative:

burket @acomarny.ml, and | awencp@acomarny.ml.

* revised by Mdification P0O0007

*** END OF NARRATIVE F 0001 ***
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